Introduction
We describe an objective method for evaluating annual or seasonal average precipitation maps for mountainous areas where the poor network of rain gauges makes direct evaluation of a precipitation map very difficult. In order to complete this information, it is possible to take into account the altitude values over the whole area, as they are often correlated with rainfall.
Using the anomaly method (Dawdy et al., 1960; Havlik, D. 1969; Peck et al. 1962 ) and universal kriging (Matheron 1969) , we evaluated an annual average precipitation map located in the center of the French-speaking Switzerland. We found a relationship between altitude and precipitation, considering deviations from this relation as a regionalized variable (Matheron 1971; Delhomme 1976 ). This means it is possible to separate vertical and horizontal dependences in the pluviometry .
Firstly we take into account only the effects of the relief on precipitation and we try to find, independently of the location of the gauge sites, a relationship between the rainfall and an index elevation, here the smoothed altitude. This relation partially explains the different precipitation values.
The residues or anomaly values, which are the difference between the observed and calculated precipitation, can be interpreted as local anomalies, a function of the horizontal coordinates. From these anomaly values, it is possible to estimate an anomaly map using the universal kriging evaluation method (Matheron 1969) , which gives an optimal estimate of the anomaly values all over the area.
This anomaly map together with the smoothed altitude-precipitation relationship define the spatial dependence model of the precipitation.
Data
We used 45 rain gauges, distributed both inside and outside an area located in the center of the French-speaking Switzerland, to evaluate the annual average precipitation for the years 1974,1975 and 1976 . This represents a surface of about 1,600 sq. km and is limited by the Jura Mountains, the Alps and the Lake of Geneva (Figs. la, lb). The altitude data over the whole area comes from the altimetric data bank of the Institute of Geophysics, Lausanne University, which contains all the digitized altitudes of the west part of Switzerland on a grid of 50 m squares (Olivier 1971) .
Method
From the altimetric data bank, we calculated by moving window filtering method several values of an index elevation correlated with the precipitations, as suggested by Bleasdale and Chan (1972) . We found that the residual variances calculated from the different linear regressions between the precipitation and these smoothed altitudes decrease gradually up to a filtering window size of 7 km square and increase thereafter (Fig. 2b) . This results in a choice of a near optimal filtering window of 7 km. line which best fits all these values. This regression corresponds to a significant value of 0.80 for the linear correlation coefficient.
The differences or anomaly values between the observed and calculated precipitations are interpreted as local values of an anomaly field. It means this field is as a regionalized variable from which an anomaly map can be estimated by kriging.
The kriging method gives for any point of a map the optimal estimate of a regionalized variable, known only at a few points. The anomaly variable is considered as a realization of a random function; by optimal evaluation, we think that the estimate, which is a random variable, has the minimum variance. The main characteristic of this random function, the variogram, must be ascertained by structural analysis of the anomaly values, corresponding to a structural model with no drift, no nugget effect and an exponential variogram with a range of 30 km. This structural model was chosen in order to estimate a map with weak filtering as these are annual average precipitation values for which more systematic than random error is usually accepted.
With the anomaly values at the gauge sites and the structural model of the anomaly field, we obtained the anomaly map by kriging at each of the kilometric grid points. The anomaly map is represented in Fig. 3 , reduced to sea level, plotted by an automatic contouring program from the grid. The anomaly range is from 260 to 600 mm by increments of 20 mm. The large negative anomaly located in the center of the map, corresponding to a well-known dry zone, is particularly noticeable. The few isolated anomalies more or less centered on the gauge sites can be attributed to a lack of information. In order to evaluate the altitude function component, we used the linear rainaltitude relationship applied at each site of the filtered altitude grid, also calculated with a 7 km filtering window. The sum of the altitude and anomaly components gives the precipitation grid over the whole area. Fig. 4 represents the annual average precipitation map plotted, as before, by an automatic program from the kilometric precipitation grid. The precipitation range is from 720 to 1,200 mm with a 20 mm isohyet interval. In the upper part of this map, the influence of the south slope of the Jura will be seen to correspond to a high gradient and, in the lower part, the influence of the Jorat hills is associated with an isolated pluviometric high. Close to the center, we find the low precipitation zone, as before, but now modulated by the relief. 
Conclusion
We improved the anomaly method by using an optimal smoothed altitude index and universal kriging. In this way, it is possible to evaluate an average precipitation map covering mountainous areas rapidly and objectively. This method could be applied to the whole of the west part of Switzerland that has been digitized in the altimetric data bank. To do so, account would have to be taken of the different meteorological zones in order to evaluate the rainfallelevation relationships. The preparation of such large scale pluviometric maps would be mostly automatic, making much use of the computer with its direct access to the file of altimetric data.
It would also be interesting to proceed with multiple correlations by introducing other physiographic variables. As for example, Nordenson (1968) suggested: SEXposure, disturbance from select barriere and direction of rise<<. The resulting new anomaly values would then be better spatialy auto-correlated allowing to draw a more realistic anomaly maps.
